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Final Laboratory Exercise - Amazon HQ2 Site Selection
Prepared by: Travis McStraw, Jared Lillywhite, and Marco Rosas

Background
GIS is often used by major corporations around the world to help manage processes such as
shipping, inventory, sales, and expansion. GIS is specifically used in expansion to help
determine suitable site locations for new stores, Headquarters, warehouses and other assets to
a given corporation.
This exercise is based on a real case study. On September 12th, 2017 Amazon announced
that it would be opening up a second headquarters that would be equal in operation and size to
its Seattle Headquarters. The company is currently taking proposals from different cities,
however they are trying to determine which U.S. cities would be the most suitable place to build
HQ2. A model will be created in ArcGIS Model Builder in order to determine the most suitable
cities in the US to house the company’s new Headquarters.
Problem Statement
In the modern world, Amazon is truly a giant in the fields of shipping and selling of goods. It
currently has over 80 active warehouse locations in the U.S. and over 70 in other countries
throughout the world. Amazon is known for its reliable shipping times and vast inventory of
products that can be purchased online and shipped to you quickly all with the click of a button.
Presume that you have been contact by Amazon and hired as consultants to help them
determine the most suitable U.S. cities for the company’s new headquarters. The company has
some important preferences with its new location which involve things like being near a major
airport hub, being located in large metropolitan region, cost of living, being near a college town,
ect.
Suitable cities can be determined by creating multi-ring buffers around different spatial features.
However, Amazon prefers that the results be presented in a heat map style, that way it is more
obvious on a map which cities appear more suitable. This can be achieved with the help of
several tools in model builder. You are to use this heat map to offer recommendations of
locations to the company for their new Headquarters.

Spatial Considerations
For the purposes of this exercise, you will limit the factors with which you are concerned
to the list below. These factors have been chosen based on Amazon’s publicly announced
criteria as well as other factors that are assumed to be of high priority to Amazon in selecting a
city for their new headquarters.
● Proximity to international airports: Amazon would like to build their new headquarters as
close as possible to international airports to facilitate ease of business travel and air
shipping of packages. You will assign values to locations based on their proximity to
international airports based on the following breakdown:
○ Highest values: Locations within 30 miles of an international airport.
○ Second highest value: Locations between 30 and 60 miles from an international
airport.
○ Middle values: Locations between 60 and 100 miles from an international airport.
○ Second lowest values: Locations between 100 and 150 miles from an
international airport.
○ Lowest values: Locations greater than 150 miles from an international airport.
● Proximity to large universities: Amazon would like their headquarters to be located in an
area with a highly-skilled workforce. You will account for this by assigning higher values
to locations that are close to major college campuses because colleges produced
highly-skilled labor. You will assign values based on the following breakdown:
○ Highest values: Locations within 20 miles of a major university.\
○ Second highest values: Locations between 20 and 40 miles from a major
university
○ Middle values: Locations between 40 and 60 miles from a major university.
○ Second lowest values: Locations between 60 and 80 miles from a major
university.
○ Lowest values: Locations greater than 80 miles from a major university.
● Population of metropolitan area: You must select a metropolitan area with greater than 1
million people.
● Cost of living: Amazon would like to build the warehouse in an area with a low cost of
living as determined by the cost of living index determined by the U.S. Census.
Therefore, you will assign low values to areas with a high cost of living and high values
to an area with a low cost of living index.
● Proximity to existing Amazon warehouses: You will assume that Amazon will want to
build a new warehouse as part of their HQ2, and as such they will desire a city without
currently existing warehouses. You will assign varying values to areas at varying
distances from all existing Amazon warehouses according to the following breakdown.
○ Highest values: Locations that are more than 200 miles from an existing
warehouse
○ Second highest values: Locations that are between 150 and 200 miles from an
existing warehouse.

○
○
○

Middle values: Locations that are between 100 and 150 miles from an existing
warehouse.
Second lowest values: Locations that are between 50 and 100 miles from an
existing warehouse.
Lowest values: Locations within 50 miles of an existing warehouse.

Data
The following datasets will be needed for this project. You can either download the data
from the suggested sources or find data from other source that will give you the necessary
information to meet the spatial considerations. Most of this data can be found on argis.com.
● Point shapefile of airports in the United states:
https://www.arcgis.com/home/item.html?id=900d50de880644cdb90c4cab966d0e94 On
this page, simply click download. This will download an ArcGIS Layer package that can
be added to an ArcMap document. You well select the major international airports from
this layer during the exercise.
● Point shapefile of colleges in the United States:
https://www.sciencebase.gov/catalog/item/4f4e4acee4b07f02db67fb39 On this page,
click on CollegesUniversities.shp to download a zipped file.
● Polygon shapefile of cost of living by state:
http://www.arcgis.com/home/item.html?id=1ca96f416ffe4cfcbf6a9a481d1947af On this
website, click the “Open in ArcGIS Desktop” button. This will download a layer package
that can be opened in ArcMap.
● Polygon shapefile of USA core statistical areas:
https://www.arcgis.com/home/item.html?id=444cf0ad7f81403fb76400a2ebff0782 Click
download on this page. This will download an ArcGIS Layer package that can be add to
your ArcMap document.
● User-created point shapefile of existing Amazon warehouses:
https://en.wikipedia.org/wiki/List_of_Amazon_locations You will use this wikipedia list of
current Amazon warehouses digitize the locations of existing warehouses into a point
shapefile.
ModelBuilder Tools
In this exercise, you may use the following tools to help conduct your analysis.
●

●

●

Select - Extracts features from an input feature class or input feature layer, typically
using a select or Structured Query Language (SQL) expression and stores them in an
output feature class.
Multiple Ring Buffer - Creates multiple buffers at specified distances around the input
features. These buffers can optionally be merged and dissolved using the buffer
distance values to create non-overlapping buffers.
Polygon to Raster - Converts polygon features to a raster dataset.

●
●
●

Reclassify - Reclassifies (or changes) the values in a raster.
Raster Calculator - Builds and executes a single Map Algebra expression using Python
syntax in a calculator-like interface.
Zonal Statistics as Table - Summarizes the values of a raster within the zones of another
dataset and reports the results to a table.

Example Model

Step by Step Solution
For an advanced GIS student the information up to this point is all you need to complete the
assignment and create an output map for the results. Feel free to try conducting the analysis
using only the information provided above. If you need specific steps, follow the instructions.

Step 1
Select the USA Core Based Statistical layer which display different metropolitan areas across
the US. You should then appropriately name the output something descriptive. In this case
“Select High Population Areas” would be descriptive . Next you will need to create an SQL
expression to select the places that have a population over 1000000. This can be done with the
calculator button next to the line or by typing in “ POPULATION > 1000000” as shown in Figure
1

Figure 1- Above: Select Tool editing window with parameters. Below: What your model will look like when you are finished
editing the select tool.

In the same way we use the select tool to select the parameters from the Colleges and
Universities Layer. The output layer will be named “Large Universities”

Figure 2- What your model will look like when you are finished editing the select tool.

In the same way we use the select tool to select the parameters from the Colleges and
Universities Layer. The output layer will be named “Large Universities”. Next you will need to
create an SQL expression to select the places that have Total Enroll bigger than 14000. Also
the Country must be USA. This can be done with the calculator button next to the line or by
typing in “COUNTRY” = ‘USA’ AND “TOT_ENROLL” > 14000 AND “NAICS_DESC” LIKE
‘%UNIVERSITIES%’ as shown in Figure 2

Figure 2- What your model will look like when you are finished editing the select tool.

In the same way we use the select tool to select the parameters from the usa Airports Layer.
The output layer will be named “Large Airports”. Next you will need to create an SQL expression
to select the places that have TOT_ENP bigger than 14000000. This can be done with the
calculator button next to the line or by typing in “TOT_ENP” > 14000000 as shown in Figure 3

Figure 3- What your model will look like when you are finished editing the select tool.

Step 2
The requirements state that the locations should avoid the existing Amazon warehouses by at
least 200 miles. For that reason the Multiple Ring buffer tool is very useful in this case. There
will be areas assigned with the following distances. 50, 100 , 150 and 200. Also the Buffer Unit
must be set to “Miles” and the field name to “distance”. In the case of the Universities and
Colleges the distances in the Multiple Ring Buffer Tool will be 20, 40, 60 and 80 miles. In the
case of the Airports, the distances will be 30, 60, 100 and 150 miles. It is as shown in figure 4.

Figure 4- What your model will look like when you are finished editing the Multiple Ring Buffer Tool

Step 3
Once all the other data layers are selected all layers need to be converted to raster for future
processing in a raster calculator. When a raster is created from a feature class it creates a
square only around the existing features. To make the raster similar in size to the other raster in
the series, each layer needs to be processed to the extent of the DEM The extent can be
entered in as an environment parameter . Use the polygon to Raster Tool for the following
layers: High Population Areas, Cost_Of_Living, Warehouses Buffer, Colleges Buffer, Airports
Buffer. Also make sure that all the rasters will have the same cell size by setting a cell size for
each Polygon to Raster tool. In this case we used 0.1 as the cell size for all of them as it is
shown in Figure 5
Finally in Figure 6 it is shown the High Population Area Names layer that was also created using
the same tool mentioned before.

Figure 5- What your model will look like when you are finished editing the Polygon To Raster tool

Figure 6- What your model will look like when you are finished editing the Polygon To Raster tool and found the High
Population Area Names Layer

Step 4
Reclassify each layer to the scale values that will be given in the following figures 7-11
-

Parameter for the Reclassify tool for the Population Reclassify Layer

Figure 7

-

Parameter for the Reclassify tool for the Cost of Living Reclassify Layer

Figure 8

-

Parameter for the Reclassify tool for the Warehouses Buffer Reclassify Layer

Figure 9

-

Parameter for the Reclassify tool for the Colleges Buffer Reclassify Layer

Figure 10

-

Parameter for the Reclassify tool for the Airports Buffer Reclassify Layer

Figure 11

Step 5
Now we use the Raster Calculator tool and we multiply the reclassified rasters together. The
weighting used in the Raster calculator was the following.

-

Metropolitan was multiplied (1 or 0)
Existing Warehouses = 1
Airport = 2
Cost of Living = 2
Colleges = 3

Figure 12:What your model will look like when you are finished editing the Raster calculator Tool

Step 6
Now we use finally use the Zonal Statistics as table tool This tool was used to summarize the
raster values from the final raster Layer in which the cities are classified respecting the Mean
reporting them to a table . The tables we obtained are displayed below

Figure 13:Above: What your model will look like when you are finished editing the Zonal Statistics as table Tool
Middle: Classification using the Median and Below: Classification using the Mean

Deliverables
Using the data described above, construct a single ModelBuilder model that will prepare all of
your input data for analysis; and then conduct an analysis for a suitable location. The final map
should display raster data and should be contoured based on the multiple ring buffer tool, the

reclassification performed, and the weight given to each parameter in the raster calculator.
There are likely other factors that would come into play in deciding where to construct the new
HQ2 complex, but for the purposes of this exercise, you are to conduct the analysis using only
the given factors that have been described.
Prepare a report in the form of a word document that contains a screenshot of your model, that
clearly shows all of the elements of the model. It should also clearly list the steps that were
taken in the model building process and a final map of your results. It should also contain a
table of the data created from the zonal statistics as table tool. You should sort the data to
display the top scoring cities and include a table in your report of the top 5 cities based on
mean, and another displaying the top 5 cities based on median.
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Example Map

Rubric
Item

Points

Assignment Title, Author Name, Date, Course Name

/5

Provide a brief summary of the purpose and requirements of the project

/5

Describe your model
- List each of the tools used: (2 pts)
- List tool settings applied for the analysis (could someone repeat the
assignment using your lab report?): (2 pts)
- List all input, intermediate, and output datasets: (2 pts)
- Describe each input dataset including type (point, line, polygon,
raster) and the source of the data: (2 pts)
- Describe each output dataset (point, line, polygon, raster): (2 pts)
/10

/10

One or more full pages (8.5x11) showing your model (5pts)
All text is readable (10 point font minimum) (3 pts)
All tools and data sets are shown (2 pts)

/10

Describe which ones will be the best HQ locations for Amazon and why?
Were you expecting those results? If not what were the unexpected
results?

/5

Make a full page (8.5x11) map showing the results of your least cost path
analysis.
- Map Title: (1 pt)
- Neat Line: (1 pt)
- North Arrow: (1 pt)
- Scale Bar: (1 pt)
- Text box with author name, date, map projection: (1 pt)
- Proposed path for new power lines clearly shown: (6 pts)
- All datasets clearly symbolized: (1 pt)
- Visible basemap showing cities and major roads: (1 pt)
- Zoomed to an appropriate scale for viewing analysis results: (1 pt)
- All text is legible on printed map: (1 pt)

/15

Bonus Task: Repeat the lab exercise with a different set of data. Include
in your report what data you used, how you acquired it, what, if anything,
you changed to complete the exercise work. Also include an additional full
page map showing your results.

Instructor’s
Discretion

